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According  to  a  first  aspect  of  this  invention, 
there  is  provided  a  ring  communications  network 
comprising  a  plurality  of  terminals  coupled 
together  to  provide  a  unidirectional  communica- 
tions  ring,  each  of  the  said  terminals  including  an 
input  port  and  output  port,  wherein  each  terminal 
has  its  input  port  coupled  to  the  output  port  of  the 
next  upstream  terminal  and  has  its  output  port 
coupled  to  the  input  port  of  the  next  downstream 
terminal,  and  wherein  each  terminal  includes: 

A.  means  for  receiving  a  digital  signal  at  said 
input  port  at  the  data  rate  associated  with  the  next 
upstream  terminal  said  received  digital  signal 
including  a  succession  of  receive  data  packets 
interleaved  with  an  associated  succession  of 
receive  synchronization  packets,  said  data  pack- 
ets  having  a  number  of  bits  less  than  or  equal  to  a 
predetermined  limit,  and  said  synchronization 
packets  having  a  number  of  bits  between  pre- 
determined  maximum  and  minimum  limits. 

B.  means  for  detecting  each  receive  syn- 
chronization  packet  and  its  associated  receive 
data  packet, 

C.  means  responsive  to  said  detecting  means 
for  generating  a  succession  of  transmit  syn- 
chronization  packets  and  associated  transmit  data 
packets  at  a  predetermined  fixed  transmit  data 
rate  associated  with  said  terminal,  wherein  the 
data  bits  of  each  transmit  data  packet  match  bit 
for  bit  the  data  bits  of  the  corresponding  receive 
data  packet  and  wherein  the  number  of  bits  in  the 
transmit  synchronization  packet  is  the  same  as  or 
is  different  from  the  number  of  bits  in  the  asso- 
ciated  receive  synchronization  packet  whereby 
the  data  rate  for  each  transmit  data  packet  and  its 
associated  transmit  synchronization  packet  corre- 
sponds  to  said  transmit  data  rate  associated  with 
said  terminal,  and 

D.  means  for  transmitting  said  succession  of 
transmit  synchronization  packets  and  associated 
transmit  data  packets  from  said  output  port  at 
said  transmit  data  rate  associated  with  said  ter- 
minal. 

In  the  preferred  form  of  the  invention,  the 
synchronization  packet  includes  a  succession  of 
bits  having  a  run  with  the  same  binary  value  (e.g. 
all  binary  1's  or  all  binary  O's)  bounded  on  each 
end  by  the  opposite  binary  value.  Moreover,  data 
packets  may  not  include  a  run  having  bits  of  the 
same  binary  value  as  the  run  in  the  synchroniza- 
tion  packets  and  having  a  length  equal  to  or 
greater  than  the  minimum  length  synchronization 
packet. 

The  difference  between  the  number  of  bits  in 
the  transmit  synchronization  packet  and  the 
number  of  bits  in  the  associated  receive  syn- 
chronization  packet  may  vary  between  predeter- 
mined  minimum  and  maximum  limits,  and  may 
be  zero  for  two  terminals  having  substantially  the 
same  transient  bit  rate. 

In  one  form  of  the  invention,  the  transmit  data 
rate  for  any  local  terminal  is  related  to  the  trans- 
mit  data  rate  of  other  terminals  on  the  ring.  This 
relationship  may  be  expressed  in  terms  of  the 
length  (L)  of  data  packets  where 

Description 

The  present  invention  is  in  the  field  of  data 
communications,  and  more  particularly,  relates  to 
the  synchronization  of  terminals  in  ring  communi-  5 
cations  networks. 

Ring  communications  networks  generally 
include  a  plurality  of  terminals  coupled  in  series 
along  a  unidirectional  signal  path.  In  such  com- 
munications  rings,  any  of  the  terminals  coupled  10 
to  the  ring  may  transmit  or  receive  data  on  the 
ring  according  to  a  ring  protocol.  In  the  unusual 
cases  where  the  terminals  are  all  geographically 
close  together,  it  is  a  relatively  simple  matter  to 
synchronize  all  the  terminals,  for  example,  by  is 
providing  the  clock  (or  timing)  signals  for  use  at 
the  respective  terminals  from  a  common 
oscillator.  However,  in  a  more  typical  ring  net- 
work  environment,  there  is  no  readily  accessible 
master  oscillator.  To  achieve  interterminal  syn-  20 
chronization  in  such  systems  timing  information 
is  added  to  the  transmitted  data.  In  the  prior  art 
for  such  systems,  the  ring  timing  information  is 
inserted  by  a  single  terminal.  All  other  terminals 
adapt  their  transmit  rates  to  the  observed  incom-  25 
ing  data  rates.  This  approach  suffers  from  the 
disadvantage  of  having  to  identify  a  crucial  ter- 
minal. 

In  an  alternate  prior  art  approach,  all  terminals 
adapt  their  transmit  rates  to  the  observed  iden-  30 
titled  timing  source.  In  effect,  the  ring  topology 
permits  a  distributed  averaging  of  the  transmit 
rate.  This  approach  suffers  from  its  sensitivity  to 
the  ring  delay  and  from  the  timing  interdepend- 
ence  among  the  terminals.  In  particular,  an  35 
aberrant  terminal  can  produce  a  difficult  to  diag- 
nose  error  situation. 

In  an  alternate  prior  art  approach,  a  distributed 
averaging  of  the  transmit  rate  is  achieved  where 
each  terminal  has  an  invariant  local  oscillator  40 
whose  frequency  is  some  multiple  of  the  transmit 
bit  rate.  A  terminal's  transmit  bit  rate  is  then 
discretely  adjusted  in  accordance  with  the 
observed  input  data  rate.  The  adjustment  occurs 
in  time  blocks  so  that  the  resultant  bit  rates  45 
through  the  terminal  are  varied  during  those 
blocks  while  being  substantially  fixed  at  other 
times.  As  a  result,  during  the  blocks,  data  packets 
at  various  terminals  might  have  the  same  fixed 
number  of  bits  pass  through,  but  the  bits  would  so 
have  adjustable  lengths;  adjusted  so  that  there  is 
a  predetermined  nominal  clock  rate  around  the 
ring.  In  effect,  such  systems  circulate  a  syn- 
chronization  word  having  a  fixed  number  of  bits, 
where  the  respective  bits  are  discretely  variable  in  55 
length,  due  to  the  adjustment.  Between  syn- 
chronization  words,  the  data  is  clocked  at  a  fixed 
frequency.  While  such  systems  are  effective  in 
many  applications,  there  are  disadvantages.  For 
example,  the  sudden  introduction  of  adjustable  60 
length  bits  requires  relatively  high  bandwidth  and 
also  prohibits  many  forms  of  transceiver  design. 

It  is  an  object  of  the  present  invention  to 
provide  an  improved  bit  synchronization  system 
for  a  ring  communications  network.  65 
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sion  of  data  packets  interleaved  with  an  asso- 
ciated  succession  of  synchronization  packets,  and 
wherein  the  lengths  of  the  synchronization  pack- 
ets  are  variable  from  terminal  to  terminal  to 

5  provide  synchronization  around  the  ring  whilst 
allowing  for  different  individual  terminal  transmit 
data  rates. 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  the  drawings,  in  which: 

10  Figure  1  is  a  block  diagram  of  an  exemplary  ring 
communications  network  embodying  the  present 
invention;  and 

Figure  2  is  a  block  diagram  of  a  synchronization 
arrangement  in  the  network  of  Figure  1. 

w  Referring  to  Figure  1  of  the  drawings  an  exem- 
plary  communications  network  10  in  accordance 
with  the  present  invention  includes  four  terminals 
T1,  T2,  T3,  and  T4  coupled  in  series  along  a 
unidirectional  signal  path  to  form  a  communica- 

20  tions  ring.  Each  of  the  terminals  includes  an  input 
port  and  an  output  port.  The  input  port  of  each 
terminal  is  coupled  to  the  output  port  of  the 
upstream  terminal  and  the  output  port  of  each 
terminal  is  coupled  to  the  input  port  of  the  next 

25  downstream  terminal. 
In  the  system  the  digital  signals  passed  from 

terminal  to  terminal  on  network  10  include  a 
succession  of  data  packets  interleaved  with  an 
associated  succession  of  synchronization  packets. 

30  The  transmit  data  rate  for  any  local  terminal  is 
related  to  the  transmit  data  rate  of  the  other 
system  terminals.  This  relationship  may  be 
expressed  in  terms  of  the  maximum  bit  length  for 
a  data  packet  (L)  which  is 

35 
W(1-T2) 

L< 
2T 

40  where  T  is  the  frequency  tolerance  of  the  local 
terminal  bit  rate 

(('max~'nom)''nom' 

45  and  W  is  related  to  the  maximum  phase  jitter  per 
bit  (Pmax)  for  the  system,  where 

W=(T0-Pmax)/T0, 

50  where  To  is  the  transmit  bit  period.  Thus  less  than 
or  equal  to  a  predetermined  limit.  In  addition,  the 
synchronization  packets  have  a  number  of  bits 
between  predetermined  minimum  and  maximum 
limits,  for  example,  6  and  14  in  the  present 

55  embodiment.  Thus  the  synchronization  packet  in 
effect  is  a  ten-bit  word,  plus  or  minus  four  bits. 
These  limits  may  differ  in  other  embodiments. 
Generally,  the  lower  limit  for  a  given  nominal 
synchronization  packet  length  is  dependent  on 

60  the  probabilities  in  the  system  that  successive 
terminals  would  have  associated  bit  rates  requir- 
ing  the  shaving  off  of  bits  of  that  packet  down  to 
the  lower  limit.  The  upper  limit  for  a  given 
nominal  synchronization  packet  length  is  depen- 

65  dent  on  the  system  throughput  requirements  for 

L<W(1-T2)/2T 

where  T  is  the  tolerance  of  the  bit  rate  associated 
with  the  terminal  and  W  is  representative  of  the 
maximum  phase  jitter  of  the  signal. 

In  the  preferred  form  of  the  invention,  the 
detector  and  transmit  generator  include  a  trans- 
mit  clock  generator  for  generating  a  transmit 
clock  signal  having  a  repetition  rate  corre- 
sponding  to  the  local  terminal  transmit  data  rate. 
An  elastic  clock  generator  generates  n  elastic 
clock  signals,  where  n  is  an  integer.  Each  elastic 
clock  signal  has  a  repetition  rate  corresponding  to 
the  transmit  data  rate  for  the  local  terminal,  and 
each  is  shifted  in  time  with  respect  to  the  transmit 
clock  signal  by  a  different  multiple  of  1/nxthe 
period  of  the  transmit  clock  signal. 

The  preferred  form  also  has  a  digital  sample 
and  hold  network  adapted  to  sample  and  hold  the 
received  data  signal  from  the  upstream  terminal 
at  times  determined  by  an  applied  one  of  the 
elastic  clock  signals.  An  output  shift  register 
clocks  the  held  samples  at  the  transmit  clock  rate 
to  generate  the  transmit  data  packets  and  the 
transmit  synchronization  packets.  A  controller  is 
adapted  to  detect  when  the  sampled  and  held 
values^correspond  to  the  synchronization  packet, 
and  in  response  to  that  detection,  select  one  of 
the  elastic  clock  signals  for  application  to  the 
sample  and  hold  network.  Upon  such  detection, 
an  elastic  clock  signal  is  selected  which  is  shifted 
in  time  (by  a  period  substantially  equal  to  one-half 
the  period  of  the  transmit  clock  signal)  from  the 
first  transition  which  follows  the  detected  syn- 
chronization  packet. 

Thus,  in  the  preferred  form  of  the  invention 
each  local  terminal  transmits  data  to  the  next 
downstream  terminal  referenced  to  that  local 
terminal's  own  invariant  oscillator.  The  data  pack- 
ets  of  the  received  digital  signal  are  interleaved 
with  synchronization  packets  having  elastic 
length  that  may  be  increased  or  decreased  to 
provide  appropriate  synchronization  around  the 
ring.  In  effect,  synchronization  is  achieved  by  a 
shallow  discretely  adjusted  delay  (first  in—  first 
out)  buffer  and  sample  .point  readjustment  net- 
work.  The  first-in  and  first-out  buffer  is  read  at  the 
fixed  transmit  data  rate,  and  loaded  at  that  same 
rate  until  the  period  of  elasticity  is  detected.  At 
that  point,  the  sample  point  is  reselected  so  as  to 
fall  substantially  in  the  middle  of  the  transmit  bit 
window  effectively  changing  the  first-in  first-out 
buffer  depth. 

The  invention  also  includes,  in  a  second  aspect 
thereof,  a  ring  communications  network  compris- 
ing  a  plurality  of  terminals  coupled  together  to 
provide  a  communications  ring,  each  of  said 
terminals  being  arranged  to  receive  a  first  digital 
signal  from  an  upstream  terminal  in  the  ring  at  a 
data  rate  associated  with  the  upstream  terminal 
and  to  transmit  a  second  digital  signal  to  a 
downstream  terminal  in  the  ring  at  a  predeter- 
mined  transmit  data  rate  associated  with  the 
transmitting  terminal,  wherein  the  received  and 
transmitted  digital  signals  each  include  a  succes- 
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In  the  preferred  embodiment,  this  delay  is 
introudced  by  the  two  cascaded  flipflops  of  blocks 
34  and  18.  The  second  flipflop  is  loaded  from  the 
first  at  an  unvarying  rate  that  is  equal  to  the  local 
terminal  bit  rate  (Tx)  clock.  The  first  flipflop 
samples  the  PLL  —  NRZ  data  approximately  in  the 
middle  of  the  bit  window.  The  length  of  the  delay  is 
one  Tx  clock  period  plus  the  time  between  the  first 
flipflop's  sampling  and  the  second  flipflop's 
sample  loading. 

The  first  flipflop's  sample  point  is  reselected 
whenever  a  synchronization  character  passes.  A 
synchronization  packet  is  determined  to  be  pass- 
ing  whenever  6  or  more  1's  are  loaded  in  succes- 
sion  into  this  first  flipflop.  When  this  occurs,  the 
first  flipflop's  sampling  is  inhibited  until  a  binary  0 
(synchronized  to  the  HS  clock  signal)  is  detected  in 
the  PLL-NRZ  data.  The  appearance  of  this  zero 
starts  a  counter  which  determines  the  optimal 
sample  point.  The  reselection  of  the  sample  point 
effectively  changes  the  observed  delay. 

The  reselection  may  alternatively  not  affect  the 
passing  synchronization  packet,  truncate  it  by  1 
bit,  or  extend  it  by  1  bit.  The  synchronization 
packet  size  will  only  be  altered  when  a  delay  limit  is 
reached.  If  the  delay  is  currently  at  maximum  and 
needs  to  grow,  it  will  drop  back  to  the  minimum 
and  truncate  the  packet  by  one  bit  (unless  the 
minimum  packet  length  limit  is  reached).  If  the 
delay  is  at  minimum  and  needs  to  shrink,  it  will 
grow  to  maximum  and  extend  the  packet  by  one 
bit  (unless  the  maximum  packet  length  limit  is 
reached).  If  neighboring  terminals  encounter  the 
worst  case  frequency  mismatch,  1  in  10  syn- 
chronization  packets  will  be  changed  in  length. 

The  re-clocked  transmit  data  (including  both  the 
synchronization  and  data  packets)  are  then  re- 
encoded  into  the  NRZI  format  before  being  modu- 
lated  onto  the  carrier  and  transmitted  to  the  next 
downstream  terminal.  The  encoding  is  done  rela- 
tive  to  the  terminal's  invariant  bit  rate  clock. 

Figure  2  shows  a  synchronizing  network  12  in 
terminal  T1  which  is  similar  to  corresponding 
networks  in  terminals  T2  —  T4.  The  remaining 
portions  of  terminal  T1  (for  example,  devices 
adapted  for  interface  with  other  equipment,  access 
control,  and  the  like)  are  not  shown  in  Figure  2.  The 
synchronizing  network  12  includes  input  stage  14 
coupled  to  the  input  port  by  way  of  line  14a,  an 
output  stage  18  coupled  to  the  output  port  by  way 
of  line  18a,  and  an  intermediate  stage  16  coupling 
stages  14  and  18. 

In  the  present  embodiment,  the  input  stage  14 
includes  a  phase  locked  loop  (PLL)  clock  recovery 
network  20  and  a  shift  register  22.  The  PLL  network 
20  extracts  a  receive  (RJ  clock  signal  from  the 
signal  received  from  terminal  T4.  The  Rx  clock 
signal  is  applied  to  shift  register  22  to  regenerate 
the  data  signal  applied  by  way  of  line  14a  in 
synchronization  with  the  extracted  Rx  clock  signal. 
This  regenerated  data  signal  on  line  22a  is  applied 
to  the  intermediate  stage  16. 

Stage  1  8  includes  an  output  shift  registsr  24  and 
a  transmit  clock  generator  26.  The  transmit  clock 
generator  26  produces  a  transmit  (Tx)  clock  signal 

data  in  the  data  packets  and  physical  media 
considerations. 

In  the  present  embodiment,  1024  bit  data  pack- 
ets  are  used  with  synchronization  packets  nomi- 
nally  having  ten  bits  plus  or  minus  four  bits.  5 
Furthermore,  in  the  present  embodiment,  the 
synchronization  packets  includes  a  succession  of 
bits  all  having  the  same  binary  "1".  Data  packets 
are  restricted  to  have  no  run  of  more  than  five 
consecutive  1's.  10 

By  way  of  example,  the  data  may  be  passed  from 
terminal  to  terminal  by  a  modulated  carrier.  At 
each  terminal,  the  received  signal  may  be  con- 
verted  to  a  demodulated  NRZI  digital  signal.  The 
NRZI  signal  may  be  converted  to  regenerated  NRZ  w 
data  using  a  phase  locked  loop.  In  that  operation, 
the  phase  locked  loop  removes  amplitude  and 
phase  noise  from  the  recovered  data. 

The  reconstructed,  PLL  referenced,  NRZ  data 
has  a  bit  rate  determined  by  the  upstream  ter-  20 
minal's  bit  rate.  Correspondingly,  this  rate  may 
vary  relative  to  this  local  terminal  bit  rate  in 
accordance  with  the  crystal  tolerances,  e.g..0005 
percent,  and  aging  parameters,  e.g..0005  percent 
per  year.  This  difference  necessitates  a  periodic  25 
phase  adjustment  of  the  PLL-NRZ  data  to  the  local 
terminal  bit  rate  to  prevent  the  local  terminal 
sampling  point  from  drifting  too  far  from  the 
observed  center  of  the  bit  window.  A  1  —  2  bit 
variable  delay  is  provided  to  permit  this.  When  the  30 
limits  of  the  delay  element  are  reached,  a  bit  is 
selectively  dropped  or  added  to  the  passing  data 
stream.  In  effect,  this  modulates  the  transmission 
rate  of  the  local  terminal. 

Since  the  PLL  has  largely  eliminated  "edge  35 
jitter"  in  the  PLL-NRZ  data,  the  granularity  of  the 
delay  adjustment  is  relatively  coarse.  The  mini- 
mum  adjustment  step  is  the  period  of  the  local  bit 
(HS)  sample  clock.  The  delay  adjustment  is  done  at 
discrete  moments  in  time.  The  opportunities  for  40 
the  adjustment  are  provided  by  the  periodic 
presence  of  the  synchronization  in  packets  which 
are  interleaved  with  the  passing  data  packet. 

The  synchronization  packets  are  identified  by  a 
bit  pattern  whose  uniqueness  is  ensured  by  the  bit  45 
stuff  protocol.  In  the  present  embodiment,  in  all 
"1"  pattern  is  bounded  by  "0—1"  and  "1—0" 
transitions.  In  the  present  embodiment,  there 
must  be  at  least  6,  and  there  may  be  no  more  than 
14  consecutive  1's  between  the  0  —  1  and  1  —  0  50 
transition  edges.  The  elasticity  in  the  synchroniza- 
tion  packet  length  accommodates  the  bit  insertion 
or  deletion  that  takes  place  when  the  limits  of  the 
variable  delay  element  are  reached. 

55 
01111110  —  Minimum  length 

synchronization 
packet  (=6  "one"  bits) 

0111111111111110—  Maximum  length 
synchronization  60 

The  variable  delay  is  discretely  adjusted.  It 
varies  from  1  to2bittimesinstepsthatare  equal  in 
length  to  the  period  of  a  relatively  fast  local 
oscillator,  the  bit  sample  (HS)  clock.  65 
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an  end-of-packet  (EOP)  signal  following  n/2  repet- 
ition  periods  of  the  HS  clock  signal.  This  EOP 
signal  is  applied  to  the  enable  input  of  clock 
selector  40,  which  in  turn  selects  the  elastic  clock 
signal  (01(  02,...08)  which  has  a  transition  closest 
to  the  EOP  signal,  and  applies  that  selected  elastic 
clock  signal  to  line  40a  until  the  selector  40  is  next 
disabled. 

Until  that  disablement,  the  data  packet  on  line 
22a  is  clocked  through  element  34  in  response  to 
the  selected  elastic  clock  signal.  In  this  manner, 
the  composite  data  packets  and  synchronization 
packets  from  element  34  may  be  clocked  through 
register  24  and  to  terminal  T2  at  the  Tx  clock  rate. 

The  invention  may  be  embodied  in  other 
specific  forms  without  departing  from  the  essen- 
tial  characteristics  thereof.  The  present  embodi- 
ments  are  therefore  to  be  considered  as  illustra- 
tive  and  not  restrictive,  the  scope  of  the  invention 
being  indicated  by  the  appended  claims  rather 
than  by  the  foregoing  description,  and  all  changes 
which  come  within  the  meaning  of  the  claims  are 
therefore  intended  to  be  embraced  therein. 

Claims 

1.  A  ring  communications  network  comprising 
a  plurality  of  terminals  coupled  together  to  pro- 
vide  a  unidirectional  communications  ring,  each 
of  said  terminals  including  an  input  port  and  an 
output  port, 

wherein  each  terminal  has  its  input  port 
coupled  to  the  output  port  of  the  next  upstream 
terminal  and  has  its  output  port  coupled  to  the 
input  port  of  the  next  downstream  terminal,  and 
wherein  each  terminal  includes: 

A.  means  for  receiving  a  digital  signal  at  said 
input  port  at  the  data  rate  associated  with  the  next 
upstream  terminal,  said  received  digital  signal 
including  a  succession  of  receive  data  packets 
interleaved  with  an  associated  succession  of 
receive  synchronization  packets,  said  data  pack- 
ets  having  a  number  of  bits  less  than  or  equal  to  a 
predetermined  limit,  and  said  synchronization 
packets  having  a  number  of  bits  between  pre- 
determined  maximum  and  minimum  limits, 

B.  means  for  detecting  each  receive  syncroniza- 
tion  packet  and  its  associated  receive  data  packet, 

C.  means  responsive  to  said  detecting  means 
for  generating  a  succession  of  transmit  syn- 
chronization  packets  and  associated  transmit  data 
packets  at  a  predetermined  fixed  transmit  data 
rate  associated  with  said  terminal,  wherein  the 
data  bits  of  each  transmit  data  packet  match  bit 
for  bit  the  data  bits  of  the  corresponding  receive 
data  packet  and  wherein  the  number  of  bits  in  the 
transmit  synchronization  packet  is  the  same  as  or 
is  different  from  the  number  of  bits  in  the  asso- 
ciated  receive  synchronization  packet  whereby 
the  data  rate  for  each  transmit  data  packet  and  its 
associated  transmit  synchronization  packet  corre- 
sponds  to  said  transmit  data  rate  associated  with 
said  terminal,  and 

D.  means  for  transmitting  said  succession  of 
transmit  synchronization  packets  and  associated 

at  a  repetition  rate  corresponding  to  the  predeter- 
mined,  fixed  transmit  data  rate  associated  with 
the  terminal  T1.  The  shift  register  24  is  clocked  by 
that  Tx  clock  signal  and  a  digital  signal  applied  by 
way  of  line  24a  to  provide  a  digital  signal  to  the  5 
downstream  terminal  T2  at  the  transmit  data  rate 
associated  with  terminal  Tv 

In  the  present  embodiment,  the  intermediate 
stage  1  6  includes  a  high  speed  clock  generator  30, 
elastic  clock  generator  32,  a  digital  sample  and  10 
hold  network  34  and  a  controller  38.  The  con- 
troller  38  includes  a  clock  selector  40,  syn- 
chronization  word  detector  42,  end-of-sync  (EOS) 
detector  44,  and  shift  register  delay  45. 

In  the  present  embodiment,  the  high  speed  is 
clock  generator  30  generates  a  high  speed  (HS) 
clock  signal  which  is  eight  times  the  repetition 
rate  of  the  transmit  clock  signal,  and  synchronous 
with  that  transmit  clock  signal.  The  elastic  clock 
generator  32  is  coupled  to  the  generator  30  and  20 
produces  eight  elastic  clock  signals,  01f  02,...08, 
each  having  a  repetition  rate  corresponding  to  the 
transmit  data  rate.  Each  of  the  signals  produced 
by  the  elastic  clock  generator  32  is  shifted  in  time 
with  respect  to  transmit  (Tx)  clock  signal  by  a  25 
different  multiple  of  1/8  times  the  period  of  the 
transmit  clock  signal.  In  other  embodiments, 
different  numbers  (than  eight)  of  signals  may  be 
produced  by  the  clock  generator  which  are  also 
phased  appropriately.  30 

The  clock  selector  40  is  adapted  to  select  one  of 
the  elastic  clock  signals  and  apply  that  signal  by 
way  of  line  40a  to  the  clock  input  of  the  sample 
and  hold  network  34.  Network  34  in  this  embodi- 
ment  includes  a  single  shift  register  stage  having  35 
its  data  input  coupled  to  line  22a  and  its  data 
output  coupled  to  line  24a.  The  application  of  a 
clock  pulse  to  the  clock  input  of  shift  register  of 
network  34  produces  a  transfer  of  the  binary  value 
at  the  data  input  (i.e.  line  22a)  to  the  data  output  40 
(i.e.  line  24a)  of  that  shift  register. 

The  synchronization  word  detector  42  has  an 
input  coupled  to  the  line  22a,  and  a  clock  input 
driven  by  the  elastic  clock  signal  on  line  40a. 

The  EOS  detector  44  is  coupled  to  line  22a  and  45 
is  adapted  to  detect  transitions  in  the  data  on  that 
line.  The  output  of  detector  44  is  clocked  through 
a  shift  register  delay  45  at  the  HS  clock  rate  so  that 
the  EOP  (end-of-packet)  signal  occurs  four 
periods  of  the  HS  clock  signal  after  the  detected  so 
transition. 

In  operation,  the  clock  selector  40  applies  one  of 
the  elastic  clock  signals  to  the  sample  and  hold 
network  34.  The  synchronization  word  detector  42 
monitors  the  digital  signal  on  line  22a.  Upon  55 
detection  of  the  synchronization  packet,  i.e. 
detecting  at  least  six  consecutive  binary  ones,  the 
detector  42  generates  a  signal  to  disable  the  clock 
selector  40.  As  a  result,  an  "extended  binary  one" 
is  in  effect  produced  on  line  24a  at  this  time.  60 

Following  the  sync  word  detection  by  detector 
42,  the  end-of-sync  (EOS)  detector  44  monitors 
the  line  22a  to  detect  the  first  transition,  indicating 
the  end  of  the  synchronization  packet.  At  the  latter 
detection,  EOS  detector  44  and  delay  45  generate  65 
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elastic  clock  generating  means  for  generating  n 
elastic  clock  signals,  where  n  is  an  integer,  each 
elastic  clock  signal  having  a  repetition  rate  corre- 
sponding  to  said  transmit  data  rate,  and  each 

5  being  shifted  in  time  with  respect  to  said  Tx  clock 
signals  by  a  different  multiple  of  1/n  times  the 
period  of  said  Tx  clock  signal, 

means  for  sampling  and  holding  said  received 
data  signal  at  times  determined  by  an  applied  one 

10  of  said  elastic  clock  signals, 
shift  register  means  for  clocking  said  held 

samples  with  said  Tx  clock  signal  to  generate  said 
transmit  data  packets  and  said  transmit  syn- 
chronization  packets, 

is  controller  including  means  for  detecting  when 
said  sampled  and  held  values  correspond  to  said 
synchronization  packet  and  in  response  to  said 
detection  selecting  one  of  said  elastic  clock  signals 
and  applying  said  selected  elastic  clock  signal  to 

20  said  sample  and  hold  means,  whereby  said 
selected  elastic  clock  signal  is  the  elastic  clock 
signal  which  is  shifted  in  time  by  a  period  sub- 
stantially  equal  to  one-half  the  period  of  said  Tx 
clock  signal  from  the  first  transition  in  said 

25  received  data  signal  following  detected  syn- 
chronization  packet. 

4.  A  ring  communications  network  comprising  a 
plurality  of  terminals  coupled  together  to  provide  a 
communications  ring,  each  of  said  terminals  being 

30  arranged  to  receive  a  first  digital  signal  from  an 
upstream  terminal  in  the  ring  at  a  data  rate 
associated  with  the  upstream  terminal  and  to 
transmit  a  second  digital  signal  to  a  downstream 
terminal  in  the  ring  at  a  predetermined  transmit 

35  data  rate  associated  with  the  transmitting  ter- 
minal,  wherein  the  received  and  transmitted  digi- 
tal  signals  each  include  a  succession  of  data 
packets  interleaved  with  an  associated  succession 
of  synchronization  packets,  and  wherein  the 

40  lengths  of  the  synchronization  packets  are  variable 
from  terminal  to  terminal  to  provide  synchroniza- 
tion  around  the  ring  whilst  allowing  for  different 
individual  terminal  transmit  data  rates. 

45  Patentanspriiche 

1.  Ringformiges  Kommunikationsnetzwerk  mit 
mehreren  Terminals,  die  so  miteinander  verbun- 
den  sind,  daS  sie  einen  Kommunikationsring  fur 

so  eine  Obertragung  in  nur  einer  Richtung  bilden, 
wobei  jedes  Terminal  einen  Eingang  und  einen 
Ausgang  aufweist  und  sein  Eingang  mit  dem 
Ausgang  des  beziiglich  der  Kommunikationsrich- 
tung  vorgehenden  Terminals  und  sein  Ausgang 

55  mit  dem  Eingang  des  nachfolgenden  Terminals 
verbunden  ist  und  wobei  jedes  Terminal  folgende 
Komponenten  aufweist: 

A.  eine  Einrichtung  zum  Empfang  eines  digitalen 
Signals  am  Eingang,  mit  einer  Datenrate,  die  dem 

60  vorhergehenden  Terminal  zugeordnet  ist,  wobei 
das  empfangene  digitate  Signal  aus  einer  Folge 
von  Empfangsdatenpaketen  besteht,  die  mit  einer 
zugeordneten  Folge  von  Empfangssynchronisa- 
tionspaketen  verschachtelt  sind  und  die  Datenpa- 

65  kete  eine  Anzahl  von  Bits  aufweisen,  die  grower 

transmit  data  packets  from  said  output  port  at  said 
transmit  data  rate  associated  with  said  terminal. 

2.  A  ring  communications  network  according  to 
Claim  1  wherein  said  detecting  means  and  said 
generating  means  includes: 

transmit  clock  generating  means  for  generating 
a  transmit  (Tx)  clock  signal,  said  Tx  clock  signal 
having  a  repetition  rate  corresponding  to  said 
transmit  data  rate, 

high  speed  clock  generating  means  for  generat- 
ing  a  high  speed  (HS)  clock  signal,  said  HS  clock 
signal  having  a  repetition  rate  n  times  said  trans- 
mit  data  rate,  where  n  is  an  integer,  and  being 
synchronized  with  said  Tx  clock  signal, 

synchronization  detector  means  for  detecting 
said  synchronization  packet  at  said  input  port  and 
for  generating  a  synchronization  (S)  signal  repre- 
sentative  of  said  detection, 

a  first  shift  register  having  a  data  input  line 
coupled  to  said  input  port,  a  data  output  line 
coupled  to  said  signal  line,  and  an  elastic  clock 
input  line, 

a  second  shift  register  having  a  data  input  line 
coupled  to  said  signal  line,  a  data  output  line 
coupled  to  said  output  port,  and 

a  transmit  clock  input  line  coupled  to  said 
transmit  clock  generating  means,  said  second  shift 
register  being  adapted  to  shift  binary  levels  at  its 
data  input  line  to  its  data  output  line  in  response  to 
said  Tx  clock  signal  applied  to  its  transmit  clock 
input  line, 

a  transition  detector  means  coupled  to  said 
input  port  and  including  means  for  detecting  logic 
transitions  of  said  digital  signal  at  said  input  port, 
and  means  operative  following  detection  of  said 
synchronization  packet  for  generating  an  end-of- 
packet  (EOP)  signal  following  n/2  repetition 
periods  of  said  HS  clock  signal  after  the  next  logic 
transition  of  said  signal  at  said  input  port,  and 

a  selectively  operable  elastic  clock  generating 
means  coupled  to  said  high  speed  clock  generat- 
ing  means  and  responsive  to  said  HS  clock  signal, 
said  S  signal,  and  said  EOP  signal  for  generating 
an  elastic  clock  signal  synchronous  with  said  EOP 
signal  and  at  1/n  of  the  rate  of  said  HS  clock  signal 
applied  thereto,  said  elastic  clock  generating 
means  including  means  for  coupling  said  elastic 
clock  signal  to  said  elastic  clock  input  line,  wherein 
said  elastic  clock  generating  means  is  disabled 
following  an  applied  S  signal,  and  is  enabled 
following  an  applied  EOP  signal. 

3.  A  ring  communications  network  according  to 
Claim  1  wherein  the  data  packet  length  (L)  is 

L<W(1  -T2)2T, 

where  T  is  the  tolerance  of  the  bit  rate  associated 
with  said  terminal  and  W  is  representative  of  the 
maximum  phase  jitterfor  said  data  signal,  wherein 
said  detecting  means  and  said  generating  means 
includes: 

transmit  clock  generating  means  for  generating 
a  transmit  (Tx)  clock  signal,  said  Tx  clock  signal 
having  a  repetition  rate  corresponding  to  said 
transmit  data  rate, 
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seine  Sendetakteingangsleitung  angelegt  ist,  zu 
verschieben, 

eine  SignalGbergangsdetektoreinrichtung,  die 
mit  dem  genannten  Eingang  verbunden  ist  und 
Mittel  zur  Feststellung  logischer  Signalubergange 
des  genannten  digitalen  Signals  an  dem  genann- 
ten  Eingang,  sowie  Mittel  aufweist,  die  nach  der 
Feststellung  eines  genannten  Synchronisations- 
paketes  ein  Paketendesignal  (EOP)  nach  n/2  Wie- 
derhohlungsperioden  des  genannten  ES-Taktsi- 
gnals,  nach  dem  nachsten  logischen  Signaluber- 
gang  des  genannten  Signals,  am  genannten  Ein- 
gang  erzeugen  und 

eine  selektiv  arbeitende  Erzeugereinrichtung 
fur  den  elastischen  Takt,  die  mit  der  Hochge- 
schwindigkeitstakterzeugereinrichtung  verbun- 
den  ist  und  beim  Auftreten  des  genannten  ES- 
Taktsignals  des  genannten  S-Signais  und  des 
genannten  EOP-Signals  ein  elastisches  Taktsignal 
erzeugt,  das  mit  dem  genannten  EOP-Signal  syn- 
chron  ist  und  1/n-tel  der  Taktrate  des  genannten 
ES-Taktsignals,  des  hieran  anliegt,  betragt,  wobei 
die  genannte  Erzeugereinrichtung  fur  den  elas- 
tischen  Takt  Mittel  zum  Anlegen  des  elastischen 
Taktes  an  die  genannte  Eingangsleitung  fur  den 
elastischen  Takt  aufweist,  und 

die  genannte  Erzeugereinrichtung  fur  den  elas- 
tischen  Takt  nach  dem  Anlegen  eines  S-Signals 
abgeschaltet  und  nach  einem  angelegten  EOP- 
Signal  eingeschaltet  wird. 

3.  Ringformiges  Kommunikationsnetzwerk 
nach  Anspruch  1,  bei  dem  die  Datenpaketlange 
(U 

L<W(1-T2)/2Tist, 

wobei  T  die  Toleranz  der  dem  genannten  Termi- 
nal  zugeordneten  Bitrate  ist  und  W  dem  maxima-  ' 
len  Phasenversatz  des  genannten  Datensignals 
entspricht,  wobei  die  genannte  Detektoreinrich- 
tung  und  die  genannte  Generatoreinrichtung  fol- 
gende  Komponenten  aufweisen: 

eine  Sendetakterzeugereinrichtung  zur  Erzeu- 
gung  eines  Sendetaktsignals  (Tx)  mit  einer  Signal- 
wiederholungsrate,  die  der  Sendedatenrate  ent- 
spricht, 

eine  Takterzeugereinrichtung  zur  Erzeugung 
von  n  elastischen  Taktsignalen,  wobei  n  ganzzah- 
lig  und  die  Signalwiederholungsrate  des  elas- 
tischen  Taktsignals  der  genannten  Sendedaten- 
rate  entspricht  und  jedes  zeitverschoben  um  ein 
anderes  Mehrfaches  von  1/n  mal  der  Periode  des 
genannten  Tx-Taktsignals  gegeniiber  dem 
genannten  Tx-Taktsignal  ist, 

eine  Abtast-  und  Halteeinrichtung,  die  das  emp- 
fangene  Datensignal  zu  Zeitpunkten,  die  durch 
eines  der  angelegten  genannten  elastischen  Takt- 
signale  bestimmt  sind,  abfuhlt  und  festhalt, 

ein  Schieberegisterzum  Takten  derfestgehalte- 
nen  Abtastwerte  mit  dem  genannten  Tx-Taktsi- 
gnal  zur  Erzeugung  der  genannten  Sendedaten- 
pakete  und  der  genannten  Sendesynchronisa- 
tionspakete  und 

eine  Steuereinrichtung,  einschlieSlich  einer 
Einrichtung  zur  Feststellung,  wenn  die  genannten 

oder  gleich  einem  vorgegeben  Grenzwert  ist  und 
die  Synchronisationspakete  uber  eine  Anzahl  von 
Bits  verfiigen,  die  zwischen  vorgegebenen  maxi- 
malen  und  minimalen  Grenzwerten  liegt, 

B.  eine  Detektoreinrichtung  zur  Feststellung  5 
von  Empfangssynchronisationspaketen  und 
deren  zugeordneten  Empfangsdatenpaketen, 

C.  eine  Generatoreinrichtung,  die  in  Abhangig- 
keit  von  der  Detektoreinrichtung  eine  Folge  von 
Sendesynchronisationspaketen  und  diesen  zuge-  10 
ordneten  Sendedatenpaketen  mit  einer  vorgege- 
benen  festen  Obertragungsdatenrate  erzeugt,  die 
dem  genannten  Terminal  zugeordnet  ist,  wobei 
die  Datenbits  in  jedem  Sendedatenpaket  bitweise 
mit  den  Datenbits  des  entsprechenden  Empfangs-  15 
datenpakets  Ubereinstimmen  und  wobei  die 
Anzahl  der  Bits  in  dem  Sendesynchronisationspa- 
ket  gleich  oder  unterschiedlich  der  Zahl  von  Bits 
in  dem  zugeordneten  Empfangssynchronisations- 
paket  ist  und  die  Datenrate  fur  jedes  Sendedaten-  20 
paket  und  dessen  zugeordnetes  Sendesynchroni- 
sationspaket  der  genannten  Obertragungsdaten- 
rate  des  genannten  Terminals  entspricht  und 

D.  eine  Ubertragungseinrichtung  fur  die  Uber- 
tragung  der  genannten  Folge  von  Sendesynchro-  25 
nisationspaketen  und  deren  zugeordneten  Sende- 
datenpaketen  vom  genannten  Ausgang  mit  einer 
Datenrate,  die  dem  genannten  Terminal  zugeord- 
net  ist. 

2.  Ringformiges  Kommunikationsnetzwerk  30 
nach  Anspruch  1,  bei  dem  die  genannte  Detektor- 
einrichtung  und  die  genannte  Generatoreinrich- 
tung  folgende  Komponenten  aufweisen: 

eine'  Sendetakterzeugereinrichtung  zur  Erzeu- 
gung  eines  Sendetaktsignals  (Tx),  das  eine  Signal-  35 
wiederhohlungsrate  aufweist,  die  der  genannten 
Sendedatenrate  entspricht, 

eine  Hochgeschwindigkeitstakterzeugereinrich- 
tung  fur  die  Erzeugung  eines  Hochgeschwindig- 
keittaktsignals  (ES),  das  eine  Signalwiederho-  40 
lungsrate  aufweist,  die  n  mal  holier  ist  als  die 
genannte  Sendedatenrate,  wobei  n  ganzzahlig  ist 
und  das  mit  dem  genannten  Tx-Taktsignal  syn- 
chronisiert  ist, 

eine  Synchronisationsdetektoreinrichtung  zur  45 
Feststellung  des  genannten  Synchronisationspa- 
kets  an  dem  genannten  Eingang  und  zur  Erzeu- 
gung  eines  Synchronisationssignals  (S),  das  fur 
eine  solche  Feststellung  reprasentativ  ist, 

ein  erstes  Schieberegister,  dessen  Datenein-  so 
gangsleitung  mit  dem  genannten  Eingang  ver- 
bunden  ist,  einer  Datenausgangsleitung,  die  mit 
der  genannten  Signalleitung  verbunden  ist,  sowie 
mit  einer  Eingangsleitung  fur  einen  elastischen 
Takt,  55 

ein  zweites  Schieberegister,  dessen  Datenein- 
gangsleitung  mit  der  genannten  Signalleitung 
und  dessen  Datenausgangsleitung  mit  dem 
genannten  Ausgang  verbunden  ist  und  mit 

einer  Sendetakteingangsleitung,  die  mit  der  60 
genannten  Sendetakterzeugereinrichtung  ver- 
bunden  ist,  wobei  das  zweite  Schieberegister 
geeignet  ist,  binare  Signalpegel  an  seiner  Daten- 
eingangsleitung  zu  seiner  Datenausgangsleitung 
in  Abhangigkeit  von  dem  Tx-Taktsignal,  das  an  65 
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abgefiihlten  und  festgehaltenen  Werte  dem 
genannten  Synchronisationspaket  entsprechen 
und,  in  Abhangigkeit  von  der  genannten  Feststel- 
lung,  zur  Selektion  eines  der  genannten  elas- 
tischen  Taktsignale  und  Anlegen  des  genannten  5 
selektierten  elastischen  Taktsignals  an  die 
genannte  Abtast-  und  Halteeinrichtung,  wodurch 
das  selektierte  elastische  Taktsignal  dasjenige 
elastische  Taktsignal  ist,  welches  zeitlich  um  eine 
Periode  verschoben  ist,  die  im  wesentlichen  10 
gleich  einer  halben  Periode  des  genannten  Tx- 
Taktsignals,  gerechnet  vom  ersten  Signaluber- 
gang  im  genannten  empfangenen  Datensignal 
nach  dem  festgestellten  Synchronisationspaket 
ist,  15 

4.  Ringformiges  Kommunikationsnetzwerk  mit 
mehereren,  zu  einem  Kommunikationsring 
zusammengeschalteten  Terminals,  von  denen 
jedes  ein  erstes  Datensignal  von  einem  bezuglich 
des  Kommunikationsflusses  vorhergehenden  20 
Terminal  im  Ring  mit  einer  Datenrate  empfangt, 
die  dem  vorhergehenden  Terminal  entspricht  und 
zur  Ubertragung  eines  zweiten  Digitalsignals  zu 
einem  nachfolgenden  Terminal  im  Ring  mit  einer 
vorgegebenen  Sendedatenrate,  die  dem  senden-  25 
den  Terminal  zugeordnet  ist,  wobei  die  empfan- 
genen  und  gesendeten  digitalen  Signale  jeweils 
eine  Folge  von  Datenpaketen  enthalten,  die  mit 
einer  zugeordneten  Folge  von  Synchronisations- 
paketen  verschachtelt  sind  und  wobei  die  Langen  30 
der  Synchronisationspakete  von  Terminal  zu  Ter- 
minal  variabel  sind,  um  eine  Synchronisation 
langs  des  Rings  zu  ermoglichen,  wahrend  ver- 
schiedene  individuelle  Terminalubertragungsra- 
ten  zugelassen  sind.  35 

Revendications 

1.  Reseau  de  communications  en  anneau  com- 
prenant  une  multiplicity  de  terminaux  relies  40 
ensemble  de  fagon  a  fournir  un  anneau  de  com- 
munications  unidirectionnel,  chacun  desdits  ter- 
minaux  comportant  un  port  d'entree  et  un  port  de 
sortie, 

dans  lequel  chaque  terminal  a  son  port  d'entree  45 
relie  au  port  de  sortie  du  terminal  situe  immedia- 
tement  en  amont  et  son  port  de  sortie  relie  au  port 
d'entree  du  terminal  situe  immediatement  en 
aval,  et  dans  lequel  chaque  terminal  comporte: 

A.  Des  moyens  pour  recevoir  un  signal  numeri-  so 
que  a  son  port  d'entree  au  debit  associe  au 
terminal  situe  immediatement  en  amont,  ledit 
signal  numerique  regu  comportant  une  succes- 
sion  de  paquets  de  donnees  de  reception 
entralces  avec  une  succession  associee  de  55 
paquets  de  synchronisation  de  reception,  lesdits 
paquets  de  donnees  comportant  un  nombre  de 
bits  inferieur  ou  egal  a  une  limite  predetermines, 
et  lesdits  paquets  de  synchronisation  comportant 
un  nombre  de  bits  compris  entre  des  limites  60 
maximale  et  minimale  predeterminees, 

B.  Des  moyens  pour  detecter  chaque  paquet  de 
synchronisation  de  reception  et  le  paquet  de 
donnees  de  reception  qui  lui  est  associe, 

C.  Des  moyens  sensibles  auxdits  moyens  de  65 

detection  pour  produire  une  succession  de 
paquets  de  synchronisation  de  transmission  et  de 
paquets  de  donnees  de  transmission  associees  a 
un  debit  de  transmission  predetermine  fixe  asso- 
cie  audit  terminal,  les  bits  de  donnees  de  chaque 
paquet  de  donnees  de  transmission  correspon- 
dant  bit  pour  bit  aux  bits  de  donnees  du  paquet  de 
donnees  de  reception  correspondant  et  le  nombre 
de  bits  dans  le  paquet  de  synchronisation  de 
transmission  etant  identique  ou  different  du  nom- 
bre  de  bits  dans  le  paquet  de  synchronisation  de 
reception  associe,  le  debit  pour  chaque  paquet  de 
donnees  de  transmission  et  le  paquet  de  synchro- 
nisation  de  transmission  qui  lui  est  associe  cor- 
respondant  ainsi  audit  debit  de  transmission 
associe  au  terminal,  et 

D.  Des  moyens  pour  transmettre  ladite  succes- 
sion  de  paquets  de  synchronisation  de  transmis- 
sion  et  de  paquets  de  donnees  de  transmission  a 
partir  du  port  de  sortie  audit  debit  de  transmis- 
sion  associe  au  terminal. 

2.  Reseau  de  communications  en  anneau  selon 
la  revendication  1,  dans  iequel  lesdits  moyens  de 
detection  et  lesdits  moyens  de  production  com- 
prennent: 

des  moyens  generateurs  d'horloge  de  trans- 
mission  pour  produire  un  signal  d'horloge  de 
transmission  (Tx),  ledit  signal  d'horloge  Tx  ayant 
une  cadence  de  repetition  correspondant  audit 
debit  de  transmission, 

des  moyens  generateXirs  d'horloge  a  grande 
vitesse  pour  produire  un  signal  d'horloge  a 
grande  vitesse  (HS),  ledit  signal  d'horloge  HS 
ayant  une  cadence  de  repetition  de  n  fois  ledit 
debit  deiransmlssion^-n.jetant.uaiiombre-entier^- 
et  etant  synchronise  avec  ledit  signal  d'horloge 
Tx, 

des  moyens  detecteurs  de  synchronisation 
pour  detecter  ledit  paquet  de  synchronisation  au 
port  d'entree  et  pour  produire  un  signal  de  syn- 
chronisation  (S)  representatif  de  cette  detection, 

un  premier  registre  a  decalage  presentant  une 
ligne  d'entree  de  donnees  relie  au  port  d'entree, 
une  ligne  de  sortie  de  donnees  reliee  a  ladite  ligne 
de  signal,  et  une  ligne  d'entree  d'horloge  elasti- 
que, 

un  second  registre  a  decalage  presentant  une 
ligne  d'entree  de  donnees  reliee  a  ladite  iigne  de 
signal,  une  ligne  de  sortie  de  donnees  reliee  au 
port  de  sortie,  et 

une  ligne  d'entree  d'horloge  de  transmission 
reliee  aux  moyens  generateurs  d'horloge  de 
transmission,  le  second  registre  a  decalage  etant 
propre  a  decaler  des  niveaux  binaires  de  sa  ligne 
d'entree  de  donnees  a  sa  ligne  de  sortie  de 
donnees  en  reponse  au  signal  d'horloge  Tx  appli- 
que  a  sa  ligne  d'entree  d'horloge  de  transmission, 

des  moyens  detecteurs  de  transition  relies  au 
port  d'entree  et  comportant  des  moyens  pour 
detecter  des  transitions  logiques  dudit  signal 
numerique  au  port  d'entree,  et  des  moyens  agis- 
sant  a  la  suite  de  la  detection  dudit  paquet  de 
synchronisation  pour  produire  un  signal  de  fin  de 
paquet  (EOLP)  apres  n/2  periodes  de  repetition 
dudit  signal  d'horloge  ES  consecutives  a  la  transi- 
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signal  de  donnees  recu  a  des  instants  determines 
par  I'un  des  signaux  d'horloge  eiastique  qui  est 
applique, 

des  moyens  de  registre  a  decalage  pour  ryth- 
5  mer  les  echantillons  bloques  a  I'aide  du  signal 

d'horloge  Tx  pour  produires  les  paquets  de  don- 
nees  de  transmission  et  les  paquets  de  synchroni- 
sation  de  transmission, 

un  organe  de  commande  comprenant  des 
10  moyens  pour  detecter  le  moment  ou  les  valeurs 

echantillonnees  et  bloquees  correspondant  audit 
paquet  de  synchronisation  et,  en  reponse  a  cette 
detection,  choisir  I'un  desdits  signaux  d'horloge 
eiastique  et  appliquer  ce  signal  d'horloge  Slasti- 

15  que  choisi  aux  moyens  d'echantillonnage  et  de 
blocage,  ce  signal  d'horloge  eiastique  choisi  etant 
le  signal  d'horloge  eiastique  qui  est  decale  dans  le 
temps  d'une  duree  sensiblement  egale  a  la  demi- 
periode  du  signal  d'horloge  Tx  a  partir  de  la 

20  premiere  transition  du  signal  de  donnees  regu 
suivant  le  paquet  de  synchronisation  detecte. 

4.  Reseau  de  communications  en  anneau  com- 
prenant  une  multiplicity  de  terminaux  relies 
ensemble  pour  fournir  une  boucle  de  communi- 

25  cation,  chacun  desdits  terminaux  etant  agence 
pour  recevoir  un  premier  signal  numerique  d'un 
terminal  situe  en  amont  dans  la  boucle  a  un  debit 
associe  au  terminal  amont  et  pourtransmettre  un 
second  signal  numerique  a  un  terminal  situe  en 

30  aval  dans  la  boucle  a  un  debit  de  transmission 
predetermine  associe  au  terminal  qui  effectue  la 
transmission,  les  signaux  numeriques  recu  et 
transmis  contenant  chacun  une  succession  de 
paquets  de  donnees  entrelaces  avec  une  succes- 

35  sion  associee  de  paquets  de  synchronisation,  et  la 
longueur  des  paquets  de  synchronisation  etant 
variable  d'un  terminal  a  I'autre  pour  realiser  une 
synchronisation  le  long  de  la  boucle  tout  en 
permettant  des  debits  de  transmission  de  termi- 

40  naux  individuels  differents. 

tion  logique  suivante  dudit  signal  au  port  d'entree 
et 

des  moyens  generateurs  d'horloge  eiastique 
pouvant  etre  mis  en  oeuvre  selectivement,  relies 
auxdits  moyen  generateurs  d'horloge  a  grande 
vitesse  et  sensibles  audit  signal  d'horloge  HS, 
audit  signal  S  et  audit  signal  EOP  pour  produire 
un  signal  d'horloge  eiastique  synch  rone  du  signal 
EOP  et  a  1/n  du  debit  du  signal  d'horloge  ES  qui 
lui  est  applique,  les  moyens  generateurs  d'hor- 
loge  eiastique  comportant  des  moyens  pour  relier 
le  signal  d'horloge  eiastique  a  la  ligne  d'entree 
d'horloge  eiastique,  les  moyens  generateurs 
d'horloge  eiastique  etant  mis  hors  service  a  la 
suite  de  I'application  d'un  signal  S  et  en  service  a 
la  suite  de  I'application  d'un  signal  EOP. 

3.  Reseau  de  communications  en  anneau  selon 
la  revendication  1,  dans  lequel  la  longueur  (L)  du 
paquet  de  donnees  est 

L<W(1-T2)/2T, 

T  etant  la  tolerance  du  debit  associe  au  terminal  et 
W  representant  le  bruit  de  phase  maximal  pour 
ledit  signal  de  donnees,  dans  lequel  lesdits 
moyens  de  detection  et  lesdits  moyens  genera- 
teurs  comprennent: 

des  moyens  generateurs  d'horloge  de  trans- 
mission  pour  produire  un  signal  d'horloge  de 
transmission  (Tx),  ledit  signal  d'horloge  Tx  ayant 
une  cadence  de  repetition  corresponant  audit 
debit  de  transmission, 

des  moyens  generateurs  d'horloge  eiastique 
pour  produire  n  signaux  d'horloge  eiastique,  n 
etant  un  nombre  entier,  chaque  signal  d'horloge 
eiastique  ayant  une  cadence  de  repetition  corre- 
sondant  audit  debit  de  transmission  et  chacun 
etant  decale  dans  le  temps  par  rapport  au  signal 
d'horloge  Tx  d'un  multiple  different  de  1/n  fois  la 
periode  du  signal  d'horloge  Tx, 

des  moyens  pour  echantilloner  et  bloquer  ledit 
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